Structure-activity relationships for a series of peptidomimetic antimicrobial prodrugs containing glutamine analogues.
Synthetic glutamine analogues such as N3-(4-methoxyfumaroyl)-l-2,3-diaminopropanoic acid (FMDP) inhibit purified glucosamine-6-phosphate synthase, an intracellular enzyme that is essential for microbial cell wall synthesis, but they are inactive against intact organisms because they cannot enter the cell. However, when the analogues are linked to a peptide they can be actively transported, and FMDP peptidomimetics show broad-spectrum antimicrobial activity. To characterize this process in more detail, the antibacterial activities of various synthetic peptidomimetics containing glutamine analogues have been determined against isogenic strains of Escherichia coli in which one or more of its three peptide transporters Dpp, Opp and Tpp have been mutated. In addition, their affinities for DppA and OppA, the binding-protein components of the transporters, have been measured. In general, antibacterial activities against the various transport mutants correlated with binding to DppA and OppA. Xaa-FMDP compounds have greater activities than FMDP-Xaa analogues. To explore structure-activity relationships for the peptidomimetics, molecular modelling was used to determine the conformational forms they adopt in solution. The relative bioactivities of the peptidomimetics correlated with the percentage of conformers that had backbone torsions matching those previously defined for the molecular recognition templates of the peptide transporters. However, the large size of the N-terminal residue in the FMDP-Xaa analogues appears to interfere with transport and thus to limit antibacterial activity. Overall, the results provide the structural rationale for the identification in silico of analogues with optimal bioactivities, which decreases the need for extensive chemical syntheses and testing.